Introduction Poor sleep, depression, and anxiety are common in patients with inflammatory bowel diseases (IBD) and associated with increased risk of relapse and poor outcomes. The effectiveness of therapies in improving such psychosocial outcomes is unclear but is an important question to examine with increasing selectivity of therapeutic agents. Methods This prospective cohort enrolled patients with moderate-to-severe CD or UC starting biologic therapy with vedolizumab or anti-tumor necrosis factor a agents (anti-TNF). Sleep quality, depression, and anxiety were measured using validated short-form NIH PROMIS questionnaires assessing sleep and mood quality over the past 7 days. Disease activity was assessed using validated indices. Improvement in sleep and mood scores from baseline was assessed, and regression models were used to identify determinants of sleep quality. Results Our study included 160 patients with IBD (49 anti-TNF, 111 Vedolizumab) among whom half were women and the mean age was 40.2 years. In the combined cohort, we observed a statistically significant and meaningful decrease in mean scores from baseline (52.8) by week 6 (49.8, p = 0.002). Among vedolizumab users, sleep T-score improved from baseline (53.6) by week 6 (50.7) and persisted through week 54 (46.5, p = 0.009). Parallel reductions in depression and anxiety were also noted (p \ 0.05 by week 6). We observed no difference in improvement in sleep, depression, and anxiety between vedolizumab and anti-TNF use at week 6. Conclusions Both vedolizumab and anti-TNF biologic therapies were associated with improvement in sleep and mood quality in IBD.
Introduction
With a growing incidence worldwide, inflammatory bowel diseases (IBD) affect an estimated 1.5 million people in the USA [1, 2] . Crohn's disease (CD) and ulcerative colitis (UC), collectively comprising IBD, are chronic inflammatory conditions primarily involving the gastrointestinal tract but exerting a range of extra-intestinal influences. Characterized by periods of remission and relapse, the natural history of IBD is often complicated and frequently requires hospitalizations and surgeries [3] . In addition to physical manifestations, IBD has a major impact on healthrelated quality of life, impacting an individuals' career, relationships, and mental health [4] [5] [6] . Depression, anxiety, and stress are common in patients with IBD and their role as environmental influences on the pathogenesis and course of IBD is still being explored [5, [7] [8] [9] [10] . Existing research Betsy W. Stevens and Nynke Z. Borren equally contributed as first authors.
shows that stress, coping, depression, and anxiety may increase risk of CD and UC [11] [12] [13] and contribute to symptomatic relapses, hospitalizations, and surgeries [14] [15] [16] [17] [18] .
An important but understudied extra-intestinal symptom in patients with IBD is impairment of sleep. There likely exists a bidirectional association between sleep and inflammation such that active disease and elevations in inflammatory markers may contribute to poor sleep [19] [20] [21] [22] , while impaired sleep quality, in turn, may increase severity of clinical and histologic inflammation and risk of clinical relapse [23, 24] . Prior studies have shown that patients with IBD are more likely to have sleep deprivation when compared to healthy individuals, more commonly in those with clinically active disease but also in those in remission [25, 26] . Regardless of disease activity, sleep disturbance exerts a significant negative impact on patients' quality of life [27] .
Advances in therapeutics offer us increasingly effective medications to attain clinical and endoscopic remission [28, 29] . Immunosuppression, the cornerstone of long-term maintenance therapy in moderate-to-severe CD and UC, was initially achieved through broadly acting agents such as thiopurines or methotrexate [30] [31] [32] , but evolved to more precise targets such as monoclonal antibodies targeting tumor necrosis factor a (anti-TNF; infliximab, adalimumab, certolizumab, golimumab) [33, 34] and more recently gutselective anti-integrin therapy (vedolizumab) [35, 36] . Systemic anti-TNF medications have demonstrated significant efficacy in treating extra-intestinal symptoms including improvement in sleep and depression [37] [38] [39] [40] . Whether such effects are mediated through an improvement in disease activity alone or additionally by a direct central nervous system effect is unknown [38] . Consequently, it is important to examine whether gut-selective therapy with vedolizumab can also similarly ameliorate sleep disturbances, depression, and anxiety in patients with IBD.
Consequently, we performed this study with the following aims: (1) To examine changes in sleep quality, depression, and anxiety after initiation of vedolizumab therapy for moderate-to-severe CD and UC; (2) To identify determinants of sleep quality at baseline and improvement of sleep quality with therapy; and (3) To compare changes in sleep, depression, and anxiety with vedolizumab to anti-TNF therapy.
Methods

Study Cohort
This prospective cohort study was nested within the Prospective Registry for IBD Study at Massachusetts General Hospital (PRISM). Details of this cohort have been previously published [41] [42] [43] . For the purpose of this study, all patients receiving care at the Crohn's and Colitis center at Massachusetts General Hospital and commencing therapy with vedolizumab (vedolizumab cohort) or anti-TNF therapy (adalimumab, infliximab, certolizumab, or golimumab) (anti-TNF cohort) for CD and UC were approached for inclusion between May 2014 and March 2016. Eligible subjects were at least 18 years of age, had a confirmed diagnosis of CD or UC, and were initiating outpatient therapy with one of the above agents according to routine clinical care. Upon providing consent, all patients completed an enrollment interview with a trained research coordinator where demographics, disease, and treatment history including current and past medications were noted and confirmed by medical record review.
Study Protocol and Follow-Up
All patients initiated therapy with an anti-TNF agent (infliximab or adalimumab) or vedolizumab according to standard induction and maintenance dosing. Study assessments were performed at weeks 0, 2, 6, 14, 22, 30, and 54. Data collected at each interval included sleep quality and mental health as outlined below and disease activity according to the Harvey Bradshaw Index (HBI) for CD and Simple Clinical Colitis Activity Index (SCCAI) for UC, and health-related quality of life assessed using the Short Inflammatory Bowel Disease Questionnaire (SIBDQ) [44] [45] [46] . Clinical remission was defined as an HBI B4 or a SCCAI B2. Whenever available (usually at every infusion), levels of serum C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) were collected. Patients on self-administered adalimumab injection completed study questionnaires within a 4-week window of each of the above time points in addition to a week 14 evaluation.
Study Outcomes: Sleep, Depression, and Anxiety All enrolled patients were invited to complete questionnaires regarding sleep and mood quality using the shortform National Institute of Health Patient-Reported Outcome Measurement Information System for sleep disturbance, depression, and anxiety [47, 48] . Questionnaires from the PROMIS bank for sleep disturbance, depression, and anxiety have shown validity in multiple prior studies [49, 50] . Sleep quality was assessed using an 8-item NIH PROMIS questionnaire assessing sleep disturbance over the past 7 days. This yields a continuous score which is translated to a T-score ranging from 28.9 (best) to 76.5 (worst sleep quality). Depression and anxiety over the past 7 days were examined similarly with an 8-item questionnaire with T-scores ranging from 38.2 to 81.3 and 37.1 to 83.1, respectively. As a reference, a mean NIH PROMIS T-score corresponds to a value of 50; a deviation of 10 represents one standard deviation away from the mean. In our study, patients with a T-score above 50 were considered as having disturbed sleep, significant depressive, or anxiety symptoms.
Statistical Analysis
All statistical analysis was performed using Stata 13.1 (StataCorp, College Station, TX). Continuous variables were summarized using means and standard deviations and compared using the t test if normally distributed or the Mann-Whitney-U test if skewed. Categorical variables were expressed as proportions and compared using the Chisquare test with the Fisher's exact modification when appropriate. Week 0 estimates comprised the baseline values for all patients, while the primary follow-up visit was at week 14. First, we defined factors impacting sleep quality at baseline by performing univariate linear regression analysis with demographic, disease-related, and psychosocial parameters. Multivariable models were then constructed including variables significant in the univariate analysis at p \ 0.05. A forward-stepwise approach was used for the multivariable models, retaining variables as being independently significant at a two-sided p value \0.05. Next, we examined the change in sleep quality with initiation of therapy. Sleep, depression, and anxiety T-scores assessed at different study visits were compared with values at start of therapy at week 0, stratifying by whether the patients were on vedolizumab or anti-TNF therapy. In the cohort of individuals with no missing baseline or follow-up data, we compared the sleep, depression, and anxiety T-scores at each follow-up point (week 6, 14, 30, and 54) to baseline values using the paired t test. Finally, we examined the association between sleep, depression, and anxiety and attainment of clinical response (defined as a 3-point improvement in HBI or SCCAI) or remission (SCCAI\2 or HBI\4) at week 14. Patients with a stoma or an ileal pouch-anal anastomosis (IPAA) were not included in assessments of disease activity.
The study was approved by the Institutional Review Board of Massachusetts General Hospital.
Results
Study Cohort
Of the 183 patients with IBD (104 CD, 79 UC) included in the cohort, 52 patients (28 %) were started on anti-TNF therapy (infliximab or adalimumab) and 131 patients (72 %) started vedolizumab. After excluding patients who had missing sleep score both at baseline and week 14 follow-up (n = 23), we arrived at the final cohort of 160 patients (49 anti-TNF, 111 vedolizumab). Patients excluded were similar to the final cohort in age, sex, treatment type (anti-TNF or vedolizumab), type of IBD, disease activity, insomnia, or depressive disorders but were slightly more likely to have anxiety and taking immunomodulators. A total of 117, 93, and 110 patients provided data on sleep quality at baseline, week 6 and week 14, respectively. Half the cohort was women (50 %) with a mean age at enrollment of 40.2 years. Eight patients had an ileoanal pouch and 12 had a stoma. Patients receiving anti-TNF therapy were similar to those on vedolizumab in sex and type of IBD, a medical history of insomnia, depression and anxiety, current medication use, and CRP level ( Table 1) . Patients receiving vedolizumab were slightly older, had a longer duration of disease, had a higher HBI at baseline, and were more likely to have previously tried an anti-TNF therapy. Table 2 presents univariate comparisons of factors impacting sleep at baseline. Both depression (p = 0.002) and anxiety (p \ 0.001) were associated with worse sleep quality at baseline. A baseline depression T-score [50 and an anxiety T-score [50 were associated with a 5-and 6-point worse sleep T-score compared to individuals without significant depression or anxiety symptoms. Higher disease activity was also associated with worse sleep with each 1-point increase in HBI or SCCAI worsening the sleep T-score by 0.53 (p = 0.026). Other variables associated with sleep on univariate analysis were current smoking (p = 0.036), use of opioids (p = 0.046), and need for sleep aids (p = 0.009). Use of corticosteroids, 5-aminosalicylates, or immunomodulators did not demonstrate significant associations with the sleep T-score. There was no significant difference in sleep disturbance T-score at baseline between anti-TNF and vedolizumab users (p = 0.136).
Factors Associated with Sleep Disturbance at Baseline
On multivariable analysis, the strongest factor independently associated with sleep T-score was the presence of anxiety [Regression co-efficient (b) 7.14; 95 % confidence interval (CI), 3.36-10.92], while opioid use showed a trend toward significance (b 5.02; 95 % CI, -0.30 to 10.34). Disease characteristics and baseline disease activity were not associated with worse sleep quality on adjusted analysis. Sensitivity analysis with the raw sleep score as the outcome or dichotomizing at a sleep T-score of 50 yielded similar results (data not shown).
Change in Sleep and Mood with Biologic Treatment
In the combined cohort, the sleep disturbance T-score showed an early improvement in the 84 patients who had both sleep T-score at baseline and follow-up, showing a statistically significant and meaningful decrease in mean scores by week 6 [52.8 ± 9.7 (week 0) to 49.8 ± 9.4, p = 0.002]. At the week 14 analysis which included 67 patients, the sleep T-score continued to show a significant improvement compared to baseline [52.6 ± 10.1 (week 0) to 49.2 ± 8.8, p = 0.002].
Analysis of vedolizumab users alone showed a similar early significant improvement in sleep disturbance T-score by week 6 (n = 56 patients) (50.7 ± 10.3, p = 0.013), continuing to week 14 (n = 52 patients) (49.0 ± 8.4, p = 0.003) (Fig. 1) . The mean sleep T-score continued to remain lower at week 30 (n = 37) (49.6 ± 9.9, p = 0.006) and at week 54 (n = 13) (46.5 ± 9.6, p = 0.009) when b Depressive symptoms were defined as having a PROMIS depression T-score greater than 50 c Anxiety symptoms were defined as having a PROMIS anxiety T-score greater than 50
d Depression treatment was defined as receiving a tricyclic antidepressant, selective serotonin reuptake inhibitor, or cognitive behavioral therapy compared to baseline. Analysis of anti-TNF users alone also showed a trend toward reduction in sleep score between baseline and week 6 (n = 28) (51.4 ± 9.4-48.1 ± 7.3, p = 0.069). That only a small number of patients had sleep measured at week 14 precluded meaningful statistical analysis, but the estimates were numerically lower compared to baseline (n = 15, 50.1 ± 10.1, p = 0.447) (Fig. 1) . Among anti-TNF users, a statistically significant reduction in depression scores was noted from baseline (50.1) to week 6 (48.1, p = 0.02) and week 14 (49.4, p = 0.058) though only 19 patients contributed to the week 14 time point (Supplemental Figure 1) . The change in anxiety T-scores did not reach statistical significance at either of the two time points.
In parallel with the improvement in sleep quality in vedolizumab, we noted a significant improvement in depression and anxiety T-scores as well (Fig. 2) . Depression T-score showed a 3-point decrease in mean by week 6 (52.3 ± 10.8-49 ± 10.6), a 4.5-point decrease at week 14 (47.8 ± 9.0), and an even greater long-term improvement at week 30 (46.9 ± 8.9) and week 54 (45.8 ± 8.0). Although anxiety symptoms were more likely at baseline in comparison with depression symptoms, a similar result was noted with an early improvement by week 6 (54.3 ± 10.7-50.6 ± 10.9) and week 14 (49.0 ± 10.1). Long-term improvement in anxiety was reported as well by week 30 (48.5 ± 10.5) and continued with a 6-point decrease at week 54 (48.3 ± 9.6).
Association Between Disease Activity and Sleep
The clinical outcomes of patients in our cohort are provided in Table 3 . Nearly half the patients attained clinical remission at week 14 (48 %) . Clinical status at week 14 was a strong determinant of sleep and mood. Patients with continued active disease were more likely to have disturbed sleep (T-score [50) (56 %) in comparison with patients who were in remission (30 %) (p = 0.01). They were also more likely to have depression (47 %) and anxiety (56 %) symptoms compared to those in remission (18 and 34 %, respectively) (p \ 0.05 for both). On multivariable analysis, persistence of depressive symptoms (b 6.85; 95 % CI, 3.08-10.63, p = 0.001) and ongoing disease activity (b 0.62; 95 % CI, 0.11-1.14, p = 0.019) were independent predictors of disturbed sleep on follow-up.
Discussion
Crohn's disease and ulcerative colitis are complex, immunologically mediated diseases leading to considerable physical impairment, and need for hospitalizations and surgery. However, their impact extends beyond physical manifestations alone to psychosocial impairment and decrease in health-related quality of life that are influenced strongly but not exclusively by disease activity. Impairment of sleep and mood are important but understudied extra-intestinal complications of CD and UC, significantly affecting patients functioning. Therapies such as anti-TNF and anti-integrin biologic therapies have demonstrated significant efficacy in achieving clinical remission from symptoms, mucosal healing endoscopically, and reducing the need for surgery and hospitalizations. However, the effect of treatments on extra-intestinal and psychosocial outcomes is poorly studied but becomes increasingly important as therapies evolve to more gut-selective targeted immunosuppression. In a rigorously conducted prospective cohort study, we demonstrate that both vedolizumab and anti-TNF biologic therapies were associated with a significant improvement in sleep, depression, and anxiety within 6 weeks of initiation of therapy and that such improvements were sustained up to at least 1 year. While disease activity is an important determinant of mood and sleep in patients with IBD, prior studies have shown significant sleep disturbance in patients with IBD even in the absence of clinically active disease. In a small study, Ranjbaran et al. demonstrated that even in the setting of inactive disease, overall subjective sleep quality was worse and sleep interruptions were frequent in patients with IBD compared to healthy controls [25, 27] . In other prospective cohorts, 48 % of patients in remission had a sleep T-score greater than [24, 50] and sleep disruption was independent of the presence of nocturnal symptoms [22] . One hypothesis proposed for this is that circulating inflammation markers themselves directly may have a central effect, leading to disturbed sleep. Elevated CRP, IL-1, IL-6, and TNF-a levels have been found in patients with sleep disturbances [19, 21, 22, 51] . IL-6 has been reported to reduce REM sleep and increases wakefulness in patients, where IL-1 and TNF-a increase spontaneous sleep and the sleep rebound that occurs after sleep deprivation [52, 53] . Thus, hypothetically anti-inflammatory therapy could decrease the circulating inflammatory cytokines and improve the sleep quality in IBD patients. Few prior studies have examined the impact of such therapy in other autoimmune diseases and none in IBD. One study evaluated sleep deprivation and the effects of anti-TNF therapy on sleep deprivation in ankylosing spondylitis patients and noted a clear correlation between sleep disturbance and disease activity [54] . However, no significant difference in sleep quality was found between patients using anti-TNF agents and controls. In contrast, Taylor-Gjevre et al. [55] recognized an improved sleep efficiency and awakening after sleep onset time in rheumatoid arthritis patients treated with anti-TNF therapy. Similar to that observed for sleep quality, we also noted an improvement in both depression and anxiety with both vedolizumab and anti-TNF therapies. A bi-directional association between stress or depression and gut inflammation has been proposed in prior studies, explained by both the effect of depression on circulating inflammation as well as potentially through its influence on the gut microbiome. In a mouse model, depression was induced by mice in which colitis had been established and was in remission [56] . After induction, a reactivation of colitis was observed via the nicotinic receptor (a7nAchR) on macrophages. These macrophages also demonstrated increased pro-inflammatory cytokine secretion suggesting an association between depression and gut inflammation [56] . Supporting this relationship, Howren et al. [57] found that depression was associated with increased levels of IL-1, IL-6, and CRP. While several studies have demonstrated an improvement in overall health-related quality of life with anti-TNF biologic treatment, few have examined the effect of such therapies directly on depression and anxiety, and none with vedolizumab. Horst et al. [58] showed in a small sample size study that immunosuppressive therapy decreased depression scores significantly. Another study found similar results after starting infliximab infusions but noted that patients with a current or past depressive disorder at baseline had a higher immune activation as well [59] . It is reassuring to both patients and providers that early and sustained improvement in sleep quality and mood were noted with both gut-selective anti-integrin therapy and systemic anti-TNF therapy in our cohort, leading to the hypothesis that a reduction in disease burden and circulating inflammation, rather than only a direct central effect, may be contributing to improvement in these parameters with treatment.
Multiple prior studies have assessed risk factors for poor sleep, depression, or anxiety in IBD [5, 8, 11, 24, 27, 60] . Predictors of sleep quality in our study were similar to those previously noted. Interestingly, we found that use of opioids showed a trend toward an association with poor sleep quality which represents a novel association, potentially mediated through disease severity, and chronic pain. Previous studies have demonstrated that health-related quality of life was markedly lower in patient who used opioids for treatment of their IBD [61, 62] . However, no other study has reported such a correlation between opioid use and sleep quality. This finding serves as an added incentive for patients to avoid long-term opioid use in patients with IBD.
There are a few implications to our findings. To our knowledge, our study represents the first attempt to quantify the effects of biologic treatment, vedolizumab and anti-TNF agents, on sleep quality and mood in IBD patients. While resolution of physical symptoms, endoscopic healing, and prevention of bowel damage are key targets in the management of IBD, psychosocial symptoms are nevertheless important determinants of health-related quality of life and well-being. It is important to include such assessments as structured endpoints in both observational cohorts and clinical trials to ensure that not only is resolution of the intestinal consequences of inflammation achieved but also a comparable improvement in the psychosocial consequences of disease. This attains particular importance with increasing selectivity of therapeutic targets as a significant proportion of patients with IBD experience such symptoms such as disrupted sleep, anxiety, depression, or fatigue. Such studies in conjunction with translational research will aid in understanding the mechanisms behind such symptoms in patients with IBD, thus making it possible to have effective directed treatments that improve such outcomes.
We acknowledge several limitations with our study include the lack of objective measurement of sleep such as polysomnography and a relatively small sample size though it represents the largest observational cohort to date assessing such outcomes. As it was based on a referral center, our population may be skewed toward more severe disease. Third, while sleep and mood measurements were available in the vast majority of patients, not all patients had paired values both at baseline and week 14 (though the missing data were random). As in an observational study, there may be the effect of unmeasured confounders. We also did not have information on steroid dose and sleep aid use at each of the time points, and their impact on sleep quality.
In conclusion, we observed a significant improvement in sleep and mood quality in IBD patients after initiation of biologic therapy with vedolizumab or anti-TNF agents. Continued research is needed to understand the exact etiology of such symptoms in patients with IBD. Assessment of depression, anxiety, and sleep should become a part of routine IBD clinical care owing to their impact on quality of life, and interventional studies comparing effectiveness of different IBD therapies in improving such parameters are important to ensure optimal patient outcomes.
